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With  the  demonstration  that  the  generalized  Shwartzman  reaction  could 
be produced in pregnant rats by simply adding an oxidized lipid  to an other- 
wise ordinary diet  (1, 2), attention is naturally directed to the material in the 
oxidized  lipid  that  may be  responsible  for  this  unique  pathologic  change. 
Stamler's  observations  that  the preliminary  diet  is low in  tocopherol,  and 
that supplements of tocopherol prevent the reaction, all focus attention on the 
possibility that the disease  is mediated by a tocopherol deficiency. On the other 
hand,  it  has  been  observed  (3)  that  oxidized  oils  are  themselves  capable  of 
damaging the organism and the reaction of such  oils might be an alternative 
explanation for the development of the disease  in the pregnant rats.  Regard- 
less  of the possible  role of tocopherol,  the  identification  of the  agent  in  the 
oxidized oil is of great importance. In the present study a  series of fractions of 
oxidized cod liver oil, obtained by molecular distillation,  were fed to pregnant 
rats in an attempt to correlate observed induction of the generalized Shwartz- 
man  reaction  with  certain  aspects  of  the  chemical  structure  of  the  dietary 
lipid. 
Metlwds 
Sherman strain  female rats from a homogenous colony were reared on Rockland rat diet 
and used for all the experiments. This experiment differs from the previous experiments (2) 
in so far as only first generation animals were used. None of the mothers had had a previous 
exposure to the oxidized oil diet  nor a longer than 8 week exposure to the Rockland  diet. 
Females weighing 1S0 to 200 gm were caged with an adult male for S days. Weight increases 
during  the  mating  period  were taken  into account  in selecting experimental  groups. This 
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permitted the assumption that each group had females in comparable states of early preg- 
nancy. The females were then placed in single cages and offered the experimental diets through- 
out the rest of the gestational period. Approximate food consumption was noted. In two of 
the five experimental series,  weights were first taken every other day,  then daily towards 
the end of gestation. The animals were carefully observed for clinical signs of the generalized 
Shwartzman  reaction,  particularly  for  vaginal  bleeding.  Those  animals  which  died  were 
autopsied  immediately; others were  sacrificed  when the disease was  obvious in  order to 
obtain blood for analysis.  The same histological  methods were used as described elsewhere 
(2). 
TABLE I 
Composition  of Experimental  Diet 
Corn starch  Casein (alcohol-  Salt mixture  washed)  (USP XIII)  Fat  Brewer's yeast 
per cent  per cent  per cent  per cent  per cent 
61  20  4  5  10 
TABLE  II 
Distillation Data, Iodine And Saponification Numbers of Fractions Obtained in Two Molecular 
Distillations of Oxidized Cod Liver Oil 
~;o+U_  Pressure  dist.  Yield  Iodine no.  Saponification  no. 
Fraction I 
Fraction II 
Fraction III 
Residue 
)istil- 
lotion 
temp. 
o  C 
185 
250 
275 
I  II  I 
per cent 
22  12  5.6 
24  --22 
28  25  2.5 
20  --35 
25  26  31.8 
20 
54.5 
II 
per cent 
2.2 
16.9 
18.1 
56.1 
I  II 
174  171 
182 
202 
176 
178 
180 
I  [  u 
[-- 
160  146 
157 
170 
165 
173 
164 
The purified experimental diets (Table I) were based on those originally  used by Stamler. 
The only part of this diet that was changed was the nature of the fat employed in the differ- 
ent feeding experiments. 
Cod liver oil  (USP grade) was autoxidized by aeration at 60-70°C for about 40  hours. 
The final peroxide number was about 150.1 Two samples of the oxidized  material were then 
subjected to molecular distillation under conditions which minimized further chemical changes 
1 The peroxide number serves only as a  very rough index of the extent of autoxidation 
and gives little clue as to the nature of the products formed. HANS  KAUNITZ,  DONALD  C.  MALINS,  AND  DONALD  G.  McKAY  1129 
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TABLE  IIIA 
The Influence  of Feeding of Oxidized  Cod Liver  Oil and Its Fractions  on the Occurrence of the 
Generalized Shwartzman  Reaction in Pregnant  Rats 
No. of groups 
Series I 
1 
2 
3 
4 
5 
Series II 
6 
7 
8 
9 
10 
Series III 
1l 
12 
Series IV 
13 
14 
15 
16 
17 
18 
Series V 
19 
20 
21 
22 
23 
24 
25 
Fat 
OCLO* 
Fract. I 
Fract. II 
Fract. III 
Residue 
OCLO 
Fract. I 
Fract. II 
Fract. III 
Residue 
OCLO 
OCLO 
Fract. III 
Fract. III 
Fract. III 
Ethyl est. 
Adduct-form. 
Non-adduct- 
form. 
Fract. III 
Fract. I 
Fract. II 
Residue 
Ethyl est. 
Non-adduct- 
form,  5  per 
cent 
Non  adduct- 
form, 2.5 per 
cent 
No. of 
distillate 
I 
II 
I 
I 
I 
II 
II 
II 
II 
II 
II 
II 
* OCLO  =  Oxidized cod liver oil. 
Tocoph- 
erol sup- 
plement 
mg 
0 
150 
0 
150 
0 
0 
0 
0 
150 
0 
0 
0 
0 
0 
No.  No. 
mated  pregnant 
No. of 
resorp- 
tions 
10  9  2 
10  10  0 
10  10  0 
10  9  0 
10  8  0 
12 
12 
8 
16 
12 
48 
16 
16 
8 
15 
6 
12 
14 
14 
12 
8 
12 
12 
8 
12 
10 
10 
5 
14 
10 
36 
9 
10 
6 
12 
5 
10 
6 
10 
10 
7 
12 
10 
6 
10 
10 
5 
No. of  JNo.  t~,ith 
spont,  or "cal 
deaths  I lesions 
4 
0 
4 
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and permitted reasonable assumptions concerning the gross chemical nature of the fractions 
obtained.  In general, the distillation data imply the following differences  between the frac- 
tions:  fraction  I,  cleavage products,  short  chain  carbon  fragments;  fraction  II,  unaltered 
triglycerides; fraction III, triglycerides, monomers and dimers; residue, polymers. The frac- 
tions were further characterized by the iodine number and saponification equivalents deter- 
mined according to methods suggested by the American Oil Chemists' Society. These numbers, 
along with the distillation data, are listed in Table IL 
The fractions were also subjected to thin layer chromatography on silicic acid according 
to methods used by Mangold and Malins (4).  The results are summarized in Fig.  1. 
Fractions I  (Fig. 1, a and e) contained the major part of the free fatty acids,  sterol esters, 
and hydrocarbons.  The residues  (d and g) did not appear to contain any of these materials. 
TABLE III B 
Summarization  of Data Presented in Table III A  Indicating  the E~eas of the Threz Fractions 
and the Residue in All Series of Experiments with Both Distillates 
Diet 
1.  OCLO. 
2.  All fraction I. 
3.  All fraction II. 
4.  Fraction III (plain) 
5.  All residue. 
5.  Ethyl ester,  adduct,  non-adduct  (all derived 
from fraction III) 
7.  All fraction III* (including derivatives) ........ 
No.  pregnant 
55 
30 
22 
45 
30 
47 
92 
Deaths 
4 
8 
2 
17 
3 
16 
33 
Per  cent 
7 
26.6 
9 
37.3 
10 
34 
35.8 
* Comparing  the  results  of the  trigiycerides of fraction  III with  all other fraction,  chi 
square  =  7.55  (P  <  0.01). 
The bottom row of spots in Fig. 1 represents oxidation products, which were concentrated in 
the  residues.  This  analysis  gives further  evidence that  distillation had  accomplished some 
separation of classes of substances. 
Fraction  III was  converted  into its ethyl  esters  and  the latter  mixed with  a  saturated 
methanol solution of urea according to procedures previously described  (3).  In this fashion 
the ethyl esters were separated into a fraction capable of forming urea inclusion compounds, 
the so called "linear" esters, and a filtrate fraction or "non-linear" esters. 
RESULTS 
A.  Effects of Oxidized Cod Liver Oil and Its Fractions.--In all, five sets of ex- 
periments  were  carried  out  and  are  summarized  in  Tables  III  A  and  B.  In 
the case of whole oxidized cod liver oil (see groups  1,  6,  and  11)  there is a  low 
incidence  of  the  generalized  Shwartzman  reaction  (four  deaths  in  55  rats; 
three  with  renal  cortical  lesions). 
1.  First molecular  distillation:  Whether  the  animal  was  fed  oxidized cod liver oil 1132  GENERALIZED  SI-IWARTZHAN  REACTION.  II 
or any one of the fractions, the animals which died spontaneously demonstrated the 
same  pathologic  alterations described  in  the  preceding  report  (2).  As  shown  in 
groups 4, 9, and 13, there is a striking increase upon feeding fraction III of distillate 
I  (12 deaths in 33; ten with renal cortical lesions). It may be noted that the difference 
in incidence of  the  generalized Shwartzman  reaction  between whole  oxidized  cod 
liver oil and fraction III of distillate I  is significant (chi square twelve, P  <  0.001). 
From groups 3, 5, 8, and 10 it is obvious that fraction II and the residue fraction did 
not induce the  disease.  Another intriguing fact  is  that  fraction I  is  apparently a 
causative factor only when fresh.  Thus in group 2 there were four deaths in ten ani- 
mals, but none in group 7, performed I0 weeks later. 
2.  Second  molecular distillation:  One experiment in series  IV and all in series  V 
were  carried out with fractions from the second molecular distillation. Whereas the 
pattern of deaths for the four fractions differs from that described above for distillate 
TABLE IV 
Influawe of Oxidized Cod Liver Oil and Its Fractions on the Weight 
Gain of Rats During Pregnancy* 
Diet  Experiment I, wt. gain  Experiment II, wt. gain 
OCLO ................................ 
Fraction I ............................. 
Fraction II ............................ 
Fraction III ........................... 
Residue  .............................. 
gilt 
57  -4- 5.4 
104  4- 4.5 
118  4- 4.9 
112  4-  3.8 
62  4-  3.6 
g~ 
38  4-4.7 
68  -4- 3.4 
115  q-  3.7 
109  ±  6.1 
62  4-  5.6 
* Only rats delivering litters were averaged. 
I, the number of renal lesions observed with fraction III and the residue of the second 
distillate checks well with the results from the first distillate. The results with fraction 
II are  disparate, however, with glomerular thrombi in two  out of  seven pregnant 
rats (group 21) as compared to none in 15 for fraction II of the first distillate (groups 
3 and 8). 
When the ethyl esters of fraction III from both distillates were  fed,  a  high inci- 
dence of  the disease  was noted (groups  16 and 23).  With the urea adduct-forming 
or "linear" esters there were five deaths out of ten pregnant rats (group 17). In the 
case  of  the  "non-linear" esters the animals ate poorly and only two out of  22  de- 
veloped  renal  cortical  lesions  (groups 18,  24,  and  25). 
Weight increases in series I and II are presented in Table IV. Only rats which had 
given birth to a litter were  used; the maximum weight gains during the gestational 
period were averaged for the individual  groups. It is obvious that the weight increases 
in series I  and II are similar when fractions II, III, and the residue were fed.  When 
fraction I was included in the diet, the weight increases in the first series were signifi- 
cantly higher than in the second.  At the same time the number of animals which had 
died declined from four in the first to none in the second  series  (chi square four, P HANS  KAUNITZ,  DONALD  C.  MALINS,  AND  DONALD  G.  McKAY  1133 
0.05). This finding is probably related to Stamler's  observation  that the animals did 
not develop the disease when they ate poorly. 
B.  Effects of Tocopherol Supplementation.--When  the  rats  were  given  an 
oral supplement of 150 mg of alpha tocopherol acetate during the pregnancy 
(groups 12, 14, and 19) none of the animals developed the disease when either 
oxidized cod liver oil or fraction III was fed; yet, despite tocopherol supple- 
ments,  resorption  of  the  young was  occasionally noted. 
DISCUSSION 
The  differences in the results noted after the feeding of the fractions de- 
rived from the two distillates underline the difficulties in obtaining satisfactorily 
comparable  fractions from highly autoxidized fats.  Autoxidation leads  to  a 
large number of chemical entities. Their physical chemical properties are often 
so  similar  that  separation  becomes  extremely difficult, although  biological 
effects may vary considerably. 
From the distillation data and the results obtained by thin layer chroma- 
tography, it  is  probable  that fraction  I  contains a  considerable  amount of 
cleavage products but not peroxides. It is well known that such products are 
biologically quite  active.  From  the  first  two  experimental  series,  involving 
the products  of the  first distillation, one can  conclude that  these  materials 
are quite unstable, because of the differences in weight gain and the number of 
animals developing the disease in the two series.  It is interesting that feeding 
of these  unstable  substances  was  associated  with high  weight increase  and 
many deaths in the first, but low weight increases and no generalized Shwartz- 
man reaction in the  second series.  This suggests that the occurrence of the 
generalized  Shwartzman reaction is  associated  with an  adequate  total food 
intake and normal weight increase. 
Fraction II probably contained more or less normal triglycerides. This can 
be concluded from the distillation data and from the fact that feeding of the 
fraction led to no toxic effects. In the second distillation of oxidized cod liver 
oil the  combined amount of fractions II and III equaled that of the  same 
fractions in the first distillate but fraction II of the second distillate was much 
larger than that of the first. It is likely that part of the active material dis- 
tilled into fraction II in the second distillation, which may explain the differ- 
ences in the activity of fraction II in the second distillation. 
Both the temperature used for the molecular distillation and the saponifica- 
tion numbers indicate that fraction III contained triglycerides but no poly- 
mers of higher molecular weight. Nevertheless, we do not want to exclude the 
possibility that "intramolecular" dimers may play a part in the activity of this 
fraction. Previous work  with autoxidized fats has shown that the  strongest 1134  GENERALIZED  SHWARTZMAN  REACTION.  II 
biological effects were given by dimeric materials  (5). Although it is improb- 
able that fraction III contained intermolecular dimers, intramolecular dimers 
would easily have distilled. This conclusion is also supported by the fact that 
the ethyl esters derived from fraction III were at least as toxic as the triglyc- 
erides,  because  dimeric  ethyl  esters of oxidized fats have been shown to  be 
biologically very toxic. 
The high activity of the urea adduct-forming "linear" esters is contrary to 
previous experiences. In previous work with linear esters of oxidized fats,  it 
has  been observed that  such  materials  often permit normal  growth,  as  was 
seen in the pregnant rats. Yet, these animals developed the generalized Shwartz- 
man reaction. This suggests that the "active principle" is not distinguished by 
"linearity" and cannot be separated by urea treatment. When these materials 
are fed and such variables as growth and survival rate are studied,  they be- 
have like normal fats. The results obtained with the "non-linear" esters sup- 
port the theory that normal increments in body weight must prevail for the 
development  of  the  generalized  Shwartzman  reaction.  "Non-linear"  esters 
have been known to be highly toxic and diets containing them are not easily 
eaten by the animals.  The low food intake and  the depressed weight of the 
animals were associated with a  low incidence of the generalized Shwartzman 
reaction. When one relates the growth of the animals to the occurrence of the 
generalized Shwartzman reaction it appears that only those fractions permit- 
ting  normal growth were associated  with  the disease.  This in  turn  could  be 
interpreted that only animals with fully developed, mature placentas develop 
the disease. 
The residue fraction consists  of highly oxidized polymeric materials.  This 
is based  on the distillation  temperature,  on the saponification numbers,  and 
on  the  results  of thin  layer chromatography. It  has  previously been  shown 
that similar polymeric fractions have less activity than predominantly dimeric 
materials (5). This may be one explanation for the absence of the generalized 
Shwartzman  reaction in  the rats  fed the residue fraction of both distillates. 
On the other hand, the animals fed this fraction did not show a normal weight 
increase during pregnancy, and this may have been the reason for the absence 
of the Shwartzman reaction. 
The mechanism of the tocopherol effect on the Shwartzman reaction after 
feeding of oxidized fats is not clear. Tocopherol in large amounts protects these 
animals from the  Shwartzman reaction. According to  Stamler some anti-oxi- 
dants other than tocopherol give the same effect. In spite of these observations 
it should be noted that animals fed Rockland  rat  pellets  still contain  sizable 
amounts of vitamin E. These pellets contain 3  mg of tocopherol per  100 gm 
of diet  and  ordinarily protect the  rats  against  vitamin  E  deficiency even if 
tocopherol-free diets are subsequently fed over a protracted period. At the pres- 
ent time there are two views as to the mode of action of tocopherol. One is that 
the whole action of tocopherol can be explained by its anti-oxidant effect. This HANS  KAUNITZ,  DONALD  C.  M.ALINS,  AND  DONALD  G.  McKAY  1135 
is supported by the fact that other anti-oxidants can replace tocopherol under 
many circumstances. Since it has been shown in vitro (6,  7) that oxidized fatty 
acids  interfere with certain enzyme systems,  it could be postulated  that  to- 
copherol (or its active form) counteracts the action of the oxidized materials 
and thus protects cellular enzymes. If this is the case, tocopherol would be ex- 
erting its normal function in preventing the generalized Shwartzman reaction 
in these experiments. 
The alternative view is that tocopherol is not merely an anti-oxidant. This 
is based on the fact that some effects of tocopherol have not been duplicated 
by other anti-oxidants. Among these latter effects, a  more specific protection 
of biological membranes has been suggested (6). 
The active form of alpha tocopherol has been found in mitochondrial prepa- 
rations in high concentrations, and some have suggested that it is an essential 
compound  of the respiratory enzyme system,  but  this  has  not yet been es- 
tablished. In view of the fact that large amounts of oxidized fats are absorbed 
across the intestinal mucosa, it may be that these materials act directly on the 
tissues.  It has been shown that oxidized fatty acids act as enzyme inhibitors 
(7,  8). This is an attractive working hypothesis because of the observed de- 
generation of the placental trophoblast in  these experiments. 
SUM~ARY 
By molecular distillation  of oxidized  cod liver  oil  a partial  isolation  of the 
lipid  species  responsible  for the diet-induced  generalized  Shwartzman reaction 
in  pregnant rats  has been achieved. 
Molecular distillation  produced three  fractions  and a residue.  Qualitative 
and  quantitative differences  in each  fraction were  shown  by  determining 
iodine  and saponification  numbers and by thin  layer  chromatography on silicic 
acid. 
The  incidence of the Shwartzman  reaction was higher with fraction  III 
than with either  of  the  other  two fractions,  the  residue,  or  the  original  oxidized 
cod liver  oil.  It  is  evident that the toxic  factor  or  factors  can be concentrated 
by molecular distillation. 
Thc high temperatures used in the molecular distillation  destroy peroxides 
in  the lipids.  Therefore, in spite of the fact that oxidation of dietary fats is 
necessary to produce the reaction, peroxides in the dietary lipid are not neces- 
sary for the development of the tissue reaction. 
The residue fraction contains high molecular weight polymers and  the in- 
cidence of the Shwartzman reaction  is low in animals fed this material. It is 
unlikely that  high molecular weight polymers are  responsible  for  the  tissue 
reaction. 
Animals that do not gain weight at a rate close to that of the normal preg- 
nant  rat  do  not  develop  the  reaction. 
Conversion of fraction III into its ethyl esters increased the incidence of the 1136  GENERALIZED  SHWARTZMAN  REACTION.  II 
Shwartzman reaction in two experiments. Esterification appears to "unmask" 
a certain amount of the active factor. 
The specific lipid material or materials responsible for the development of 
the generalized Shwartzman reaction remains to be found. 
The assistance of Ruth Ellen Johnson, Marcia Oberlander, and Margaret Richardson is 
gratefully acknowledged. 
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